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Grain sorghum, Sorghum bicolor (L.) Moench, in Illinois, known hereafter as sorghum, 
was an important rotational crop that could handle the unique stresses of the southern third of the 
state. The success of sorghum was attributed, in part, to the marginal crop production land of the 
region, the appropriate growing season, and the proximity to river terminals for easy grain 
marketing. However, the development of herbicide tolerant crop cultivars, advances in crop 
breeding, and consolidation of farms and grain terminals have reduced sorghum acres to pre-
1970s level. This case study identified the economic opportunity, addresses agronomic practices, 
and suggests farmers may benefit from including sorghum into production plans. The study 
included a variety trial consisting of seventeen hybrids tested at three densities in a complete 
block design with no replications in 2018. Wet weather caused a modification to the 2019 design 
and only six entries at three densities in a replicated complete block design were evaluated. 
Three densities represented the low, middle, and high of the regional spectrum; 40,000, 80,000, 
and 120,000 plants per acre. Soybean Glycine max (L.) Merr plots were planted adjacent to the 
sorghum plots and used as an economic comparison. Plot size was 250 feet long by 22.5 feet 
wide. Field selection was made to compare two drastically different environments in Jefferson 
County, Illinois. Commercial equipment was used to plant and harvest the study.  
An economic evaluation revealed two categories to rank conclusions; a yield optimum 
(YO) and an economic optimum (EO) where the YO seeks to maximize yield while the EO 
factors input costs and seeks to optimize profit. In 2018 the EO of 80,000 plants per acre netted 
significantly more dollars per acre compared to growing soybeans. The YO was 120,000 plants 
per acre. In 2019 the trial was heavily impacted by weather resulting in mostly negative 




soybean comparisons had the best economic return while the opposite was true in 2018. In both 
years planting 80,000 plants per acre proved to be the EO density while it was not economically 

























 Grain sorghum [(Sorghum bicolor (L)) Moench], known hereafter as sorghum, is not 
unique to Illinois and was a significant cash crop until the end of the 1990s (USDA Quick Stats, 
2020). Sorghum production has historically been in the southern third of the state which is well 
suited for sorghum. Sorghum is a relatively hardy crop and is acclimated to dry and hot 
environments typically found west of the Mississippi River. Illinois is neither arid nor 
particularly dry and the land south of Interstate 70 was not part of the great glaciation period of 
the Cenozoic Era that helped create the vast prairies of central and northern Illinois (Figure 2). 
The exclusion from the glacial forces resulted in classifying forty-five percent of soils under the 
Alfisol order in southern Illinois (Figure 3) (USDA Illinois Suite of Maps, 2020). Alfisol soils 
developed under extensive deciduous forests and an argillic horizon is often observed (Brady and 
Weil, 2008). As the population of the state grew, the forests were cleared and the Alfisol soils 
were converted to farming. While Alfisols are considered productive, their inherent low water 
holding capacity, clay horizons, and low organic matter, make them less productive than 
Mollisols (USDA Illinois Suite of Maps, 2020) (Figure 1). 
In addition to the productivity level of the regional soils, sorghum breeding has 
developed hybrids that are adapted to the climate. Dominated by warm, humid summers and cold 
and wet winters the region accumulates roughly 3,870 corn (Zea mays L.) Growing Degree Units 
between 1 March and 31 September (Velocity Maps, 2019). This is adequate to raise sorghum 





Figure 1. Soil Productivity Index of Illinois         Figure 2. Illinois state interstates. 
 
 




The region is nestled between the Ohio, Wabash, and Mississippi Rivers giving farmers 
excellent access to river terminals for grain marketing. This access provides opportunities for 
diversification of farm commodities because river barges offer access to buyers. Additionally, 
proximity to the river terminals generally offers better farm gate prices because transportation is 
less expensive the closer the farm is to the buyer.  
 Effectively, sorghum has had success in southern Illinois because of the productivity 
status of the land, the adaptability of hybrids to the climate, and the proximity to important grain 
river terminals to market a diversity of crops. Yet a substantial decline in production acres 
beginning at the end of the 1990s has drastically reduced sorghum within the region, Figure 5. 
Sorghum’s acres have given way to transgenic crops like corn (Zea mays) and soybean (Glycine 
max) since the introduction of glyphosate resistant crops beginning in 1996 (Reddy and Nandula, 
2012). Herbicide tolerance to non-selective chemicals like glyphosate gave farmers a novel tool 
for controlling weeds in a field of corn or soybeans with impressive results. Farmers no longer 
need to spend massive amounts of time and energy cultivating the crops to eliminate weeds or 
rely on old herbicides that had limited flexibility or effectiveness. Herbicide resistance developed 
from genetic modification has been monumental for agriculture. Unfortunately, sorghum has not 
benefited from the same technology as corn, soybeans, and cotton (Gossypium sp), and forces a 





Figure 5. Sorghum acres planted in Illinois, 1930 to 2018. 
In addition to genetic modification for herbicide resistance, continued breeding efforts 
have greatly improved corn and soybean lines to handle stressful environments better. Traits like 
drought and disease resistance are now major selling point with all seed companies. These traits 
sometimes allow farmers to reduce the use of crop rotations should they choose to. Continuous 
soybean production is widespread in southern Illinois. It would not be so had there been cultivars 
resistant to diseases like Sudden Death Syndrome (causal agent Fusarium virguliforme) or 
Frogeye Leaf Spot (causal agent Cercospora sojina). These diseases may become prevalent in 
continuous soybean production fields.   
Furthermore, the average farm in Illinois is getting larger while the number of farms is at 
an all-time low. In 2017 approximately 72,651 farms were averaging 372 acres in size (USDA, 
2017). In contrast the average farm size in 1974 was 262 acres, and there were 111,049 farms in 




addition to farm consolidations, grain elevators and terminals have also experienced similar 
fates. While statistics are not available on the changing demographics of grain terminals and 
grain elevators, even a casual observer will notice nearly every town in the rural Midwest has 
abandoned or closed grain elevators within their city limits. These closures are not trivial – size 
and scale are driving factors of efficiency. As the number of different crops increases a grain 
terminal, elevator, or farmer loses efficiency and cost effectiveness in their operation. 
Elimination of one crop from three, or four, theoretically decreases the overall cost and 
complexities of the business or farm by 33% or 25%, respectively. Therefore, if a grower 
currently raises sorghum there is a substantial increase in farm management complexity and 
finding a receiving grain elevator is much harder than it was twenty years ago.   
The culmination of herbicide resistance in corn and soybeans, breeding efforts targeting 
stress and disease resistant, and a dramatic consolidation of farms and grain elevators has 
contributed to a sharp decline in sorghum acres in Illinois. From 2018 to 2016 sorghum was 
planted on about 18,000 acres, and from 2015 to 2009 an average of 29,000 acres were planted; 
levels unseen since the 1960s. 1984 and 1985 were the largest production years at 320,000 and 
500,000 acres, respectively. The last time sorghum acres were above 100,000 was in 2002 
(USDA Quick Stats, 2020). This novel case study identified the economic opportunity, addresses 
important agronomic factors, and suggests farmers may benefit from including sorghum in 
production plans when specific conditions are present.          
Materials and Methods 
 A two-year field study was conducted near the towns of Woodlawn (38.302415, -
89.009138) and Waltonville (38.256517, -89.038588), 2018 and 2019, respectively, residing in 




(Fine, smectitic, mesic Mollic Albaqualfs) (NCSS, 2011a) and Hoyleton silt loam loam (Fine, 
smectitic, mesic Aquollic Hapludalfs) (NCSS, 2011b). Both soils are poorly to somewhat poorly 
drained. The Waltonville field primarily consists of a Bonnie silt loam (Fine-silty, mixed, active, 
acid, mesic Typic Fluvaquents) (NCSS, 2009) classified as a poorly drained field with frequent 
flooding. The primary growing season begins in March and ends at the end of September for 
summer annual crops. The mean precipitation from years 2000 through 2019 during the periods 
between 1 March and 31 September is 27.9 inches. For the same time period, the mean high 
temperature is 77.5 degrees Fahrenheit and the mean low temperature is 56.5 degrees Fahrenheit 
(Velocity Maps, 2019). The accumulated precipitation in 2018 and 2019 was 36.5 inches and 
35.1 inches, respectively, while the mean high temperature was 77.3 and 76.8 for the same 
period, respectively (Figure 6). 
 
Figure 6. Climatic observations from 1 March through 31 September for Jefferson County 





In 2018 the trial was a non-replicated complete block design consisting of a total of 
seventeen hybrids; twelve commercially available hybrids and five precommercial hybrids 
(Table 1 and Figure 7). The maturity range for the hybrids spanned early, 58 days to flowering, 
to full maturity, 72 days to flowering. Planting date was 25 May 2018. Planting the 2019 trial 
was delayed until 3 July due to prolonged wetness, therefore, the entry list had to be modified 
and the middle to full maturities were removed from the entry list due to concerns they would 
not dry down adequately for harvest. The remaining six commercial entries allowed for two 
replications of a complete block design (Table 1 and Figure 8). Three planting densities were 
selected to represent the observed spectrum of planting density for the region: a low density of 
40,000, a middle density of 80,000, and a high density of 120,000 plants per acre. Hybrid 
selection for both years remained consistent and represented hybrids available to sell from 
DEKALB® (Bayer Corporation, Whippany, NJ) within the geographic region. No specific 
agronomic considerations were used to select hybrids for this study. All entries were treated with 
a safenener and insecticide seed treatment applied by DEKALB®. 
Table 1. Hybrid entry list in 2018 and 2019. 
           






















Figure 7. Field map layout and design, 2018. 
 
Figure 8. Field map and layout design, 2019. 
Individual plot size was 22.5 feet wide by 300 feet long which enabled geospatially 
referenced harvest via commercial equipment. Each planter pass was 900 feet long and took 
three passes to complete a column (Figure 9). Population change was enabled by the planter and 
controlled by a prewritten planting prescription imported into the Precision Planting 2020® 
(Precision Planting, Tremont, IL) monitor prior to planting. The planting prescription was 
created using publicly available software called Ag Leader® Technology SMS Basic Version 
19.5 (SMS Basic & Advanced Manual, 2006) (Ag Leader, Ames, IA) and QGIS version 3.1 
(QGIS User Guide). The planter used is a six row Case IH Early Riser® 1200 series (Case 
Corporation, Racine, WI) with Precision Planting® vSet Select dual hybrid boxes spaced on 
fifteen-inch rows with Precision Planting® Large Sugar beet/Milo/Sorghum Crop Kit (Figure 
10). Planting depth target was one inch.  
Buffer 40000 120000 80000 40000 120000 80000 120000 40000 80000 120000 40000 120000 40000 120000 40000 120000 40000 Buffer
Buffer 80000 40000 40000 120000 80000 40000 80000 120000 40000 80000 120000 80000 120000 80000 80000 40000 80000 Buffer
Buffer 120000 80000 120000 80000 40000 120000 40000 80000 120000 40000 80000 40000 80000 40000 120000 80000 120000 Buffer
Buffer EXP48 EXP49 EXP38 EXP29 EXP47 DKS37-07 DKS53-67 DKS33-07 DKS29-28 DKS51-01 DKS45-23 DKS28-05 DKS47-07 DK28E DKS54-00 DKS38-16 DKS53-53 Buffer
Buffer 40000 120000 80000 40000 120000 80000 120000 40000 80000 40000 40000 120000 40000 Buffer
Buffer 80000 40000 40000 120000 80000 40000 80000 120000 40000 40000 120000 80000 120000 Buffer
Buffer 120000 80000 120000 80000 40000 120000 40000 80000 120000 40000 80000 40000 80000 Buffer





Figure 9. Unmanned aerial vehicle photograph demonstrating the trial layout. 
Granular Urea with a nitrogen stabilizer fertilizer was applied at a rate of 130 pounds of 
actual nitrogen per acre applied at pre-planting. Herbicide programs differed between years due 
to the delayed planting of 2019 which only allowed for a single herbicide application. A two-
pass program of an at-planting pre-emergence application of Roundup PowerMAX® Herbicide 
(Bayer Corporation, Whippany, NJ) at 32 ounces per acre and Warrant® (Bayer Corporation, 
Whippany, NJ) at .5 pints per acre followed by an in-crop post-emergence application of 
Degree® Xtra Herbicide (Bayer Corporation, Whippany, NJ) at 3 quarts per acre were applied in 
2018. In 2019, only a single herbicide application was made at-planting pre-emergence 
application of Degree® Xtra Herbicide at 3 quarts per acre with Infantry™ 4L (Growmark Inc., 
Bloomington, IL) at 1 quart per acre. Both years herbicide was applied with a ground applicator 





Figure 10. Case IH Early Riser® 1200 series planter with Precision Planting® vSet Select dual 
hybrid boxes and sprayer applicator to apply herbicides. 
 
Sorghum was harvested with a Case 5140 combine (Case Corporation, Racine, WI)  and 
a Case 8010 (Case Corporation, Racine, WI) in 2018 and 2019, respectively. A Case IH 3020 
Series flex head (Case Corporation, Racine, WI) twenty feet wide was used to harvest plots in 
both years. Harvest data was collected using Precision Planting 2020® and Climate FieldView™ 
(The Climate Corporation, San Francisco, CA). The combines were calibrated specifically for 
sorghum prior to harvest using a weigh wagon installed with scales which were calibrated with a 
known weight, and a DICKEY-john Mini GAC 2500 Grain Moisture Analyzer (DICKEY-john, 
Auburn, IL) which was calibrated by DICKEY-john using the 2019 Sorghum calibration 





Figure 11. Illustration of calibration of the combine’s harvest software 
The raw harvest data was exported into Ag Leader® Technology SMS Basic Version 
19.5, converted to a .shp file, then exported to QGIS version 3.10 where the planting prescription 
file from Ag Leader® Technology SMS Basic Version 19.5 was merged with Precision Planting 
2020® harvest file (Figure 12) (QGIS User Guide, 2020). Merging the two files is a critical step 
as it assigns yield data to every experimental unit from the planting prescription. The harvest 
map data was then quality checked for outliers, cleaned to remove data points on the edges of the 
field where combine yield monitor lag is experienced, and exported to Microsoft® Excel® 2016 





Figure 12. Example of merged planting and harvest data files in QGIS.   
 The data were calculated and compared using Microsoft® Excel® 2016 Data Analysis 
Tools. An Anova: Two-Factor Without Replication method was calculated for the 2018 Yield 
data in the metric of bushels per acre and an Anova: Two-Factor Without Replication was 
calculated for the 2018 plant height in inches. An Anova: Two-Factor With Replication method 
was calculated for the 2019 yield data in bushels per acre. An Anova: Two-Factor With 
Replication was calculated using the two-year yield data for only hybrids tested in both years in 
bushels per acre. JMP® Pro 14.3 (SAS Institute, Cary, NC.) was used to calculate a Factorial 
Anova for Density x Hybrid x Year for yield. For both years, costs and revenue were calculated 
in U.S. dollars or U.S. dollars per acre. Due to a planting error DKS29-28 was removed from 
analysis from the 2019 yield data to have a balanced data set between replication one and 
replication two.  
To analyze economic returns the production input costs were obtained by requesting 




costs did not factor special pricing discounts (Table 3). Each hybrid had a different cost and cost 
varied by year (Table 4). Economic analysis on each hybrid was calculated at every density, and 
by adding the production inputs, (Table 3), and the respective seed costs, (Table 4), the result is 
the cost of each hybrid by density. By multiplying the sorghum market price per bushel by the 
yield of each experimental unit the gross dollars per acre is found, and then, by subtracting the 
cost per acre from the gross dollars per acre the resulting figure is net dollars per acre (Table 5 
and 6).  
Table 3. Budget used for economic analysis on sorghum production. 
 
 This study used soybean production as an economical comparison because sorghum 
would be an alternative to growing soybeans for farmers in the area. Sorghum would only be an 
alternative to corn if a farmer had already applied corn inputs such as fertilizer and corn 
herbicide but could not establish a corn crop. Otherwise, it would not be economical to raise 
sorghum as an alternative to corn. For both years soybeans were planted, managed, and 
harvested adjacent to the sorghum trial area and the data used for comparison. In 2018 one target 
density of 167,000 plants per acre and one variety was established, while in 2019, five varieties 
and three target densities of 140,000, 170,000, and 180,000 plants per acre were used as the 
comparison. Soybean plot sizes were 300 feet long by 20 feet wide with twenty-inch row spacing 
















Roundup PowerMAX® 32 ounces/ac 5.50$       
Warrant® .5 pint/ac 2.95$       
Post-Emergence
Degree® Xtra 3 quarts/ac 31.21$     
2018 Total 138.0 53.67$     39.65$     3.64$            
Pre-Emergence
Degree® Xtra 3 quarts/ac 31.21$     
Infantry™ 4L 1 quart/ac 3.62$       
2019 Total 130.0 67.89$     34.82$     3.80$            
130.0
138.0
urea 67.89$     




using the same procedures. Like the sorghum budget, a soybean budget was also created 
factoring inputs like seed cost and herbicide (Table 7).   
Table 4. Seed cost per hybrid grain sorghum for two years, Jefferson County, IL 
 
Table 5. Economic comparison of each experimental unit to multiple soybean checks, 2019. 
 
 
Price/Bag Hybrid Batch Seeds/pound Seeds/bag Cost/Seed Year
$173.00 DK28E Variety 772DXJ79Y 18,000 900,000 $0.000192 2018
$186.00 DKS28-05 Brand 772DLA39Y 14,000 700,000 $0.000266 2018
$185.00 DKS29-28 Brand 772DNX49Y 15,000 750,000 $0.000247 2018
$195.00 DKS33-07 Brand 772DRT39Y 13,500 675,000 $0.000289 2018
$197.00 DKS37-07 Variety 772DDY39Y 14,000 700,000 $0.000281 2018
$199.00 DKS38-16 Brand 772DJX99Y 16,000 800,000 $0.000249 2018
$195.00 DKS45-23 Brand 772DFT99Y 15,000 750,000 $0.000260 2018
$197.00 DKS47-07 Brand 772D4349Y 13,500 675,000 $0.000292 2018
$188.00 DKS51-01 Brand 772DMK49Y 13,500 675,000 $0.000279 2018
$199.00 DKS53-53 Brand 772DMN99Y 13,000 650,000 $0.000306 2018
$195.00 DKS53-67 Brand 772DMW99Y 13,000 650,000 $0.000300 2018
$186.00 DKS54-00 Variety 772DP139Y 13,000 650,000 $0.000286 2018
$173.00 DK28E Variety 772DRX39Y 18,000 900,000 $0.000192 2019
$186.00 DKS28-05 Brand 772LJT49Y 13,500 675,000 $0.000276 2019
$185.00 DKS29-28 Brand 772LYN39Y 15,000 750,000 $0.000247 2019
$195.00 DKS33-07 Brand 772LM349Y 16,000 800,000 $0.000244 2019
$197.00 DKS37-07 Variety 772LXF79Y 15,000 750,000 $0.000263 2019
$199.00 DKS38-16 Brand 772LWN79Y 14,000 700,000 $0.000284 2019








Net - Soy 




Net - Soy 




Net - Soy 
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Net - Soy 
Variety 4 at 
Density 3 
Net
2019 DK28E 40,000 79.7 302.86$   192.46$    110.40$   7.69$         0.000192$   (174.24)$     (181.39)$     (173.38)$     (37.73)$       (41.78)$       
2019 DK28E 80,000 95.4 362.67$   244.58$    118.09$   15.38$      0.000192$   (122.12)$     (129.27)$     (121.26)$     14.39$         10.34$         
2019 DK28E 120,000 73.3 278.70$   152.92$    125.78$   23.07$      0.000192$   (213.78)$     (220.93)$     (212.92)$     (77.27)$       (81.32)$       
2019 DKS28-05 40,000 80.9 307.28$   193.94$    113.34$   10.63$      0.000266$   (172.76)$     (179.91)$     (171.90)$     (36.25)$       (40.30)$       
2019 DKS28-05 80,000 74.8 284.19$   160.22$    123.97$   21.26$      0.000266$   (206.48)$     (213.63)$     (205.62)$     (69.97)$       (74.02)$       
2019 DKS28-05 120,000 79.0 300.32$   165.72$    134.60$   31.89$      0.000266$   (200.98)$     (208.13)$     (200.12)$     (64.47)$       (68.52)$       
2019 DKS29-28 40,000 90.4 343.70$   231.12$    112.58$   9.87$         0.000247$   (135.58)$     (142.73)$     (134.72)$     0.93$           (3.12)$         
2019 DKS29-28 80,000 108.7 413.09$   290.65$    122.44$   19.73$      0.000247$   (76.05)$       (83.20)$       (75.19)$       60.46$         56.41$         
2019 DKS29-28 120,000 112.8 428.57$   296.25$    132.31$   29.60$      0.000247$   (70.45)$       (77.60)$       (69.59)$       66.06$         62.01$         
2019 DKS33-07 40,000 75.7 287.69$   173.42$    114.27$   11.56$      0.000289$   (193.28)$     (200.43)$     (192.42)$     (56.77)$       (60.82)$       
2019 DKS33-07 80,000 83.1 315.66$   189.84$    125.82$   23.11$      0.000289$   (176.86)$     (184.01)$     (176.00)$     (40.35)$       (44.40)$       
2019 DKS33-07 120,000 88.3 335.48$   198.11$    137.38$   34.67$      0.000289$   (168.59)$     (175.74)$     (167.73)$     (32.08)$       (36.13)$       
2019 DKS37-07 40,000 42.6 161.93$   47.96$       113.97$   11.26$      0.000281$   (318.74)$     (325.89)$     (317.88)$     (182.23)$     (186.28)$     
2019 DKS37-07 80,000 44.3 168.37$   43.14$       125.23$   22.51$      0.000281$   (323.56)$     (330.71)$     (322.70)$     (187.05)$     (191.10)$     
2019 DKS37-07 120,000 24.1 91.70$     (44.78)$     136.48$   33.77$      0.000281$   (411.48)$     (418.63)$     (410.62)$     (274.97)$     (279.02)$     
2019 DKS38-16 40,000 53.1 201.69$   89.03$       112.66$   9.95$         0.000249$   (277.67)$     (284.82)$     (276.81)$     (141.16)$     (145.21)$     
2019 DKS38-16 80,000 53.9 204.81$   82.20$       122.61$   19.90$      0.000249$   (284.50)$     (291.65)$     (283.64)$     (147.99)$     (152.04)$     





Table 6. Economic comparison of each experimental unit to one soybean check for twelve grain 











Sorghum Net - 
Soybean Net
2018 DKS37-07 120,000 150.7 548.47$   421.38$   127.09$   33.77$     0.000281$   125.96$             
2018 DKS37-07 80,000 157.3 572.61$   456.78$   115.83$   22.51$     0.000281$   161.36$             
2018 DKS37-07 40,000 124.6 453.56$   348.98$   104.58$   11.26$     0.000281$   53.57$               
2018 DKS53-67 120,000 116.5 424.10$   294.78$   129.32$   36.00$     0.000300$   (0.63)$                
2018 DKS53-67 80,000 131.4 478.30$   360.98$   117.32$   24.00$     0.000300$   65.56$               
2018 DKS53-67 40,000 133.0 483.97$   378.65$   105.32$   12.00$     0.000300$   83.24$               
2018 DKS33-07 40,000 136.9 498.27$   393.40$   104.87$   11.56$     0.000289$   97.98$               
2018 DKS33-07 80,000 148.7 541.24$   424.81$   116.43$   23.11$     0.000289$   129.39$             
2018 DKS33-07 120,000 147.7 537.47$   409.48$   127.99$   34.67$     0.000289$   114.07$             
2018 DKS29-28 120,000 155.5 565.88$   442.96$   122.92$   29.60$     0.000247$   147.55$             
2018 DKS29-28 80,000 164.3 597.92$   484.87$   113.05$   19.73$     0.000247$   189.45$             
2018 DKS29-28 40,000 152.6 555.61$   452.43$   103.19$   9.87$       0.000247$   157.01$             
2018 DKS51-01 120,000 143.1 520.83$   394.09$   126.74$   33.42$     0.000279$   98.68$               
2018 DKS51-01 80,000 135.2 492.25$   376.65$   115.60$   22.28$     0.000279$   81.23$               
2018 DKS51-01 40,000 139.0 506.04$   401.58$   104.46$   11.14$     0.000279$   106.16$             
2018 DKS45-23 120,000 163.3 594.56$   470.05$   124.52$   31.20$     0.000260$   174.63$             
2018 DKS45-23 80,000 179.2 652.20$   538.08$   114.12$   20.80$     0.000260$   242.66$             
2018 DKS45-23 40,000 170.5 620.69$   516.97$   103.72$   10.40$     0.000260$   221.55$             
2018 DKS28-05 40,000 183.3 667.30$   563.35$   103.95$   10.63$     0.000266$   267.94$             
2018 DKS28-05 80,000 174.0 633.48$   518.90$   114.58$   21.26$     0.000266$   223.48$             
2018 DKS28-05 120,000 171.1 622.91$   497.71$   125.20$   31.89$     0.000266$   202.29$             
2018 DKS47-07 40,000 129.8 472.39$   367.40$   104.99$   11.67$     0.000292$   71.98$               
2018 DKS47-07 80,000 152.1 553.78$   437.11$   116.67$   23.35$     0.000292$   141.70$             
2018 DKS47-07 120,000 151.6 551.77$   423.43$   128.34$   35.02$     0.000292$   128.01$             
2018 DK28E 120,000 161.6 588.32$   471.94$   116.39$   23.07$     0.000192$   176.52$             
2018 DK28E 80,000 149.2 543.25$   434.55$   108.70$   15.38$     0.000192$   139.14$             
2018 DK28E 40,000 150.9 549.30$   448.29$   101.01$   7.69$       0.000192$   152.88$             
2018 DKS54-00 40,000 127.9 465.68$   360.91$   104.76$   11.45$     0.000286$   65.49$               
2018 DKS54-00 80,000 118.0 429.54$   313.33$   116.21$   22.89$     0.000286$   17.92$               
2018 DKS54-00 120,000 129.6 471.82$   344.16$   127.66$   34.34$     0.000286$   48.74$               
2018 DKS38-16 40,000 156.4 569.14$   465.87$   103.27$   9.95$       0.000249$   170.45$             
2018 DKS38-16 80,000 142.8 519.66$   406.44$   113.22$   19.90$     0.000249$   111.02$             
2018 DKS38-16 120,000 142.9 520.04$   396.88$   123.17$   29.85$     0.000249$   101.46$             
2018 DKS53-53 40,000 161.3 587.13$   481.56$   105.56$   12.25$     0.000306$   186.15$             
2018 DKS53-53 80,000 150.2 546.61$   428.80$   117.81$   24.49$     0.000306$   133.38$             





Table 7. Budget used for economic analysis on soybean production. 
 
Opportunity metrics collected in 2018 included plant height, and in 2019 stand counts at 
soft-dough stage were collected (Warrick, 2020). The plant height data was collected by 
measuring from the ground to the top of the panicle. Stand counts were collected by counting 
every plant within a ten-foot increment then calculated to plants per acre. Disease and pest 
pressure remained low and insignificant for both years. Corn leaf aphids (Rhopalosiphum 
maidis) were abundantly observed in August 2019 (Figure 13). In November 2019 prior to 
harvest a heavy rain and strong wind event flooded the field trial area and created lodging in 
certain high-density treatments. These plots were flat on the ground and could not be harvested. 
 
Figure 13. Corn leaf aphid (Rhopalosiphum maidis) population of 2019 seen with the predatory 
Asian Lady beetle (Harmonia axyridis) larvae. 















Gramaxone® SL 2.0 3 pint/ac 12.09$      
Authority® MTZ DF 10 ounces/ac 18.53$      
Post-Emergence
Xtendimax® with Vapor 
Grip® Technology 
22 ounces/ac 10.64$      
Roundup PowerMAX® 32 ounces/ac 5.50$        
Warrant® Ultra 50 ounces/ac 21.45$      
2 1 = 140000 52.3 366.70$   483.25$   68.75$    68.75$     116.55$  Pre-Emergence
2 2 = 180000 55.2 373.85$   510.05$   68.75$    88.39$     136.19$  Roundup PowerMAX® 32 ounces/ac 5.50$        
3 1 = 140000 53.1 365.84$   490.64$   77.00$    77.00$     124.80$  Authority® MTZ DF 10 ounces/ac 19.46$      
3 2 = 180000 40.8 230.19$   376.99$   77.00$    99.00$     146.80$  Warrant® Ultra 50 ounces/ac 22.85$      
4 3 = 170000 39.0 234.24$   360.36$   64.50$    78.32$     126.12$  
2019 9.24$              





There was a substantial difference between the 2018 and 2019 growing season in Illinois. 
The 2018 season resulted in very good crops across the state. An average corn yield increase of 
nine bushels per acre higher than the 2017 was observed and an average soybean yield increase 
of over seven bushels per acre over 2017 was observed (USDA, 2018). This initial year of the 
trial was a complete success with adequate moisture, low negative environmental stress, and very 
good yields. The results were so positive that repeating the trial a second year was an obvious 
step. However, a record number of acres were delayed planting or not planted due to a 
significantly wet fall in 2018 that continued into the spring of 2019. Corn and soybean planted 
acres were decreased five percent and eight percent in 2019, respectively (USDA, 2019). The 
Illinois Farm Bureau estimated 1.5 million acres were left unplanted in the state with most acres 
concentrated in the north-central and northern region (Newton, 2019). The excessively wet 
conditions negatively influenced the 2019 trial design and results. 
2018 Results 
 Across hybrids and planting densities, the sorghum mean yield was 151 bushels per acre. 
The rank of mean yield was 80,000 plants per acre at 152.9 bushels per acre, 120,000 plants per 
acre at 152.1 bushels per acre, and 40,000 plants per acre at 147.8 bushels per acre (Table 8). 
The yield range observed was DKS45-23 at a density of 80,000 yielding 179.2 bushels per acre 












Table 8. Sorghum hybrid by density plot yield results in Jefferson County, IL, 2018. 
 
While numerically different, an Anova: Two-Factor Without Replication in Microsoft® 
Excel® 2016 determined there was no significance in yield between the three density levels at 
the 0.05 alpha level (Table 9). However, hybrids differ at the 0.05 alpha level. This is not a 
surprise as most agriculturalists understand that plant hybrids have different parental lineage with 














Density 40,000 80,000 120,000 Yield Average
DK28E 150.9 149.2 161.6 153.9
DKS28-05 183.3 174.0 171.1 176.2
DKS29-28 152.6 164.3 155.5 157.5
DKS33-07 136.9 148.7 147.7 144.4
DKS37-07 124.6 157.3 150.7 144.2
DKS38-16 156.4 142.8 142.9 147.3
DKS45-23 170.5 179.2 163.3 171.0
DKS47-07 129.8 152.1 151.6 144.5
DKS51-01 139.0 135.2 143.1 139.1
DKS53-53 161.3 150.2 176.9 162.8
DKS53-67 133.0 131.4 116.5 126.9
DKS54-00 127.9 118.0 129.6 125.2
EXP29 140.1 149.3 149.1 146.2
EXP38 171.2 162.4 148.5 160.7
EXP47 156.0 171.6 163.4 163.7
EXP48 131.6 148.6 150.1 143.4
EXP49 148.1 165.3 164.8 159.4




Table 9. Anova table for 2018 sorghum trial at 0.05 α. 
 
Statistical significance does not imply there were not economic differences between the 
hybrids and densities. Income can be discussed in two ways – the gross revenue and the net 
revenue, and because net revenue can fluctuate greatly depending on cost of individual inputs 
gross revenue is the more broadly applicable to discuss, however, farm managers are most 
interested in net revenues because cost has been accounted for. As density increased mean gross 
revenues also increased but the inverse was true with mean net revenue. The density which 
Anova: Two-Factor Without Replication
SUMMARY Count Sum Mean Variance
DK28E 3.00 461.78 153.93 45.17
DKS28-05 3.00 528.49 176.16 40.58
DKS29-28 3.00 472.37 157.46 36.75
DKS33-07 3.00 433.24 144.41 42.72
DKS37-07 3.00 432.59 144.20 298.90
DKS38-16 3.00 441.99 147.33 61.11
DKS45-23 3.00 513.03 171.01 62.85
DKS47-07 3.00 433.50 144.50 162.63
DKS51-01 3.00 417.34 139.11 15.43
DKS53-53 3.00 488.36 162.79 180.24
DKS53-67 3.00 380.84 126.95 82.32
DKS54-00 3.00 375.56 125.19 39.38
EXP29 3.00 438.54 146.18 27.46
EXP38 3.00 482.08 160.69 130.86
EXP47 3.00 490.96 163.65 61.44
EXP48 3.00 430.25 143.42 105.97
EXP49 3.00 478.18 159.39 95.77
40000 17.00 2513.16 147.83 292.31
80000 17.00 2599.62 152.92 252.80
120000 17.00 2586.32 152.14 217.57
ANOVA
Source of Variation SS df MS F P-value F crit
Hybrid 9478.630377 16 592.4143986 6.958933527 0.00000180 1.971682568
Density 255.0255235 2 127.5127617 1.497858315 0.238869881 3.294536816





grossed the highest revenue was 120,000 plants per acre. However, this density had the smallest 
mean net revenue. This contrast is due to the significant increase in cost due to the increase in 
seed numbers per acre (Table 10). A closer examination indicates the mean yield to be 
essentially equal between 80,000 and 120,000 plants per acre, yet there is an $8.39 per acre cost 
difference when planting the highest density. Furthermore, if the only focus is given on yield the 
fact is overlooked that 40,000 plants per acre netted equal returns to 80,000 plants per acre.       
Table 10. Economic results for sorghum 2018. 
 
Table 11. Economic results for soybean 2018 
 
Sorghum production in 2018 had greater net returns and less cost per acre compared to 
soybeans (Table 10 and Table 11). The soybean mean plot yield of 51.2 bushels per acre is in-
line with the 2018 county mean yield of 52.6 bushels per acre (USDA, 2019). Using the input 
costs from Table 6, the gross and net revenue of sorghum is significantly more than the soybean 
comparison (Table 11). The mean net revenue for sorghum across all hybrids and densities was 
$133.51 per acre more than the soybean check as calculated in (Table 12). At these revenue 
levels raising grain sorghum would be more profitable than soybeans after all costs are accounted 
for. It is also clear that the cost to produce sorghum per acre is less than soybeans, mainly due to 
the lower seed cost of sorghum.    
 
Price/bushel Density Gross $/Acre Net $/Acre Cost/Acre Yield
40,000 535.76$         431.62$      104.14$  147.2
80,000 546.74$         431.78$      114.96$  150.2




Price/bushel Density Gross $/Acre Net $/Acre Cost/Acre Yield






Table 12. Calculated differences between sorghum gross and net revenue against soybean. 
 
 Plant height was collected at harvest by measuring the distance from the ground to the 
top of the panicle. The range of plant heights was seventy inches to forty-three inches (Table 13). 
An Anova: Two-Factor Without Replication concluded density was significantly different, Table 
14 at the 0.05 alpha level, however, a post-hoc analysis of Fisher’s Least Significant Difference 
did not yield significant differences between density groups at the 0.05, 0.1, and 2.5 alpha level 
(Table 15). Calculating for Tukey’s Honest Significant Difference at the 0.05 alpha level did not 
indicate group means were significantly different either (Table 16). The observed trend for mean 
plant heights indicated 80,000 plants per acre treatment were generally tallest followed by 
120,000 and 40,000 plants per acre.     
Table 13. Grain sorghum plant height in inches for three densities in 2018.  
 
Density Sorghum $/Acre Soybean $/Acre Sorghum - Soybean Delta
40,000 535.76 100.56$                                     
80,000 546.74 111.54$                                     
120,000 549.17 113.97$                                     
40,000 431.62 136.20$                                     
80,000 431.78 136.36$                                     
120,000 423.39 127.97$                                     
Gross 
$/Acre
435.20$                  
Net 
$/Acre
295.42$                  
Hybrid 40,000 80,000 120,000
DK28E 46 48 47
DKS28-05 54 52 52
DKS29-28 43 48 43
DKS33-07 55 57 52
DKS37-07 49 52 58
DKS38-16 58 58 64
DKS45-23 58 67 64
DKS47-07 66 64 65
DKS51-01 64 66 65
DKS53-53 64 64 57
DKS53-67 59 59 62
DKS54-00 64 67 58
MSP299 46 70 63
MSP388 53 54 43
MSP474 50 59 58
MSP481 49 55 46















Anova: Two-Factor Without Replication
SUMMARY Count Sum Mean Variance
DK28E 3.00 141.00 47.00 1.00
DKS28-05 3.00 158.00 52.67 1.33
DKS29-28 3.00 134.00 44.67 8.33
DKS33-07 3.00 164.00 54.67 6.33
DKS37-07 3.00 159.00 53.00 21.00
DKS38-16 3.00 180.00 60.00 12.00
DKS45-23 3.00 189.00 63.00 21.00
DKS47-07 3.00 195.00 65.00 1.00
DKS51-01 3.00 195.00 65.00 1.00
DKS53-53 3.00 185.00 61.67 16.33
DKS53-67 3.00 180.00 60.00 3.00
DKS54-00 3.00 189.00 63.00 21.00
MSP299 3.00 179.00 59.67 152.33
MSP388 3.00 150.00 50.00 37.00
MSP474 3.00 167.00 55.67 24.33
MSP481 3.00 150.00 50.00 21.00
MSP493 3.00 176.00 58.67 8.33
40000 17.00 935.00 55.00 50.63
80000 17.00 1002.00 58.94 46.43
120000 17.00 954.00 56.12 58.74
ANOVA
Source of Variation SS df MS F P-value F crit
Hybrid 1920.314 16 120.0196 6.709784 0.00000268 1.971683
Density 140.2745 2 70.13725 3.921074 0.029985801 3.294537





Table 15. Fisher’s LSD for plant height group means comparison. 
 




Due to the previously stated challenges of 2019 a major modification of the trial entry list 
and design occurred in 2019.  Only six hybrids by three densities replicated twice was 
established on July 3rd, an extremely late planting date. Due to an unexpected error in the 
planting prescription DKS29-28 replication number two only had a single density while 
replication number one remained intact with three densities as designed. This caused an 
unbalanced dataset and data from this hybrid was omitted from the 2019 data summary. Fertility 
was managed similarly to the previous year however only a single herbicide application was 
made because of the delayed planting. Soybean checks were again planted adjacent to the trial 
with more checks being established; three varieties at three densities replicated twice. At the time 
of this writing the USDA has not published county yield estimates, so it is unknown whether the 
40,000 80,000 120,000
Density Group Mean Height 55.0000 58.9412 56.1176
40,000 55.00 0.00 3.94 1.12







Fisher's LSD Difference in means Pairwise Comparison
Differences  larger than LSD are s igni ficant
significant
q-crit = 8.331 40,000-80,000 1.94 no
k=3 120,000-80,000 1.39 no 
df = 2 120,000-40,000 0.55 no
α = 0.05
Group Comparison




soybean checks are similar to county estimates, however, based on historical information it is 
assumed the soybean checks are representative of the county yield average.  
Sorghum yield means were very low and much lower than historic county yields. It is 
highly likely that planting in July is detrimental to yield. The yield rank of the densities was 
120,000 plants per acre with a mean yield of 77.2 bushels per acre, 80,000 plants per acre with a 
mean yield of 76.9 bushels per acre, and 40,000 plants per acre with a mean yield of 74.1 bushels 
per acre. The observed yield range was a high of DK28E at 95.4 bushels per acre at a density of 
80,000 plants per acre and a low of zero bushels per acre from entry DKS38-16 at density level 
of 120,000 plants per acre (Table 17).  
Table 17. Individual hybrid by density plot yield results in Jefferson County, IL, 2019. 
 
An Anova: Two-Factor With Replication was calculated using Microsoft® Excel® 2016 
at the 0.05 alpha level, Table 18. Again, density did not significantly influence yield. However, 
individual hybrids were not significantly different from each other as observed the previous year. 





Density 40,000 80,000 120,000 Yield Average
DK28E 87.3 88.1 93.2 89.5
DKS28-05 66.1 70.7 88.6 75.1
DKS33-07 89.5 83.3 77.0 83.2
DKS37-07 32.0 46.9 26.0 35.0
DKS38-16 20.4 58.1 0.0 26.2
DK28E 72.1 102.8 50.4 75.1
DKS28-05 93.5 78.6 70.7 80.9
DKS33-07 69.5 83.0 93.9 82.1
DKS37-07 55.0 40.7 0.0 31.9






Table 18. Anova table for 2019 sorghum trial at 0.05 alpha. 
 
The grain sorghum economic results were very negative when compared to the soybean 
checks. The mean gross and net revenues were very low for sorghum. The highest mean gross 
revenue did not exceed $291.47 per acre and the highest net revenue did not exceed $168.44 per 
acre. Table 19 shows the most profitable density was 80,000 plants per acre as it had the highest 
net revenue and yield. The smallest density grossed the least amount of dollars per acre, a trend 
also observed in 2018.  
Table 19. Economic results for sorghum in Jefferson County, IL, 2019. 
 
 Regardless of the late planting the soybean comparisons did well with two exceptions. 
The lowest mean yield was 39 bushels per acre and the highest mean yield was 55.2 bushels per 
acre at a density level of 170,000 and 180,000 plants per acre, respectively (Table 19). A major 
shift is the price per bushel increased by $0.74 over the previous year. Cost per acre was mostly 
unchanged to slightly lower across all densities compared to 2018 mainly due to a single 
herbicide application being made versus two in 2018. This comparison indicates soybeans would 
be the most profitable option to plant given circumstances of the season.  
Anova: Two-Factor With Replication
Source of Variation SS df MS F P-value F crit
Hybrid 60734.81 1 60734.81 121.1215 0.000000000073 4.259677
Density 360.04191 2 180.02096 0.35901 0.702054353 3.402826
Interaction 526.16865 2 263.08433 0.524661 0.598388642 3.402826
Within 12034.491 24 501.43712
Total 73655.512 29
Price/bushel Density Gross $/Acre Net $/Acre Cost/Acre Yield
3.80$              40,000 267.52$         154.65$      112.87$  70.4
80,000 291.47$         168.44$      123.03$  76.7






Table 19. Economic results for soybeans 2019. 
 
 An additional significant yield limiting factor to late planting sorghum is plant lodging 
near harvest time. In November 2019, prior to harvest, a heavy rain and strong wind event 
flooded the field trial area and created lodging in the 120,000 plants per acre density. This 
lodging trend at only the high density decreased the individual plot results significantly as seen 
in (Table 20). These plots were flat on the ground and could not be harvested as shown in 
(Figure 14). In a review of plant growth hormones to abiotic and biotic stimulants, Wolters and 
Jurgens, 2009, describe hormone relationships in plants experiencing shading from neighboring 
plants, a process known as shade avoidance syndrome (SAS). The low ratio of red to far-red light 
as experienced in a low-light or shading environment triggers specific auxin biosynthesis genes 
to promote growth hormones which are then transported to meristematic regions of the plant 
inducing cell elongation in areas like plant stalks. It is probable high-density sorghum 
experiences SAS resulting in taller plants. By prolonging harvest into late fall poor weather 
conditions were experienced, including an unusual flooding event which made the high-density 
treatments more susceptible to late season lodging.   
Price/bushel Density Gross $/Acre Net $/Acre Cost/Acre Yield
9.24$              140,000 366.70$         366.70$     116.55$  52.3
180,000 373.85$         373.85$     136.19$  55.2
140,000 365.84$         365.84$     124.80$  53.1
180,000 230.19$         230.19$     146.80$  40.8






Figure 14. Demonstrating the trend of stalk lodging observed only in the 120,000 plants per acre 
density level. 
 
 The two-year study allowed a Factorial Anova analysis in JMP® 14.3 on Density × 
Hybrid × Year with yield on the Y axis. The hybrids analyzed were DK28E, DKS28-05, DKS33-
07, DKS37-07, and DKS38-16, Table 19. Excluding the hybrids which were not represented in 
both years, the Year*Hybrid interaction was significant, Table 210. However, the interaction of 
Year*Hybrid*Density was not significant. The regression model had a very high goodness of fit, 
R2 of .98, indicating the model explains nearly all the (Table 22). 




Year 40,000 80,000 120,000 Hybrid
150.9 149.2 161.6 DK28E
183.3 174.0 171.1 DKS28-05
136.9 148.7 147.7 DKS33-07
124.6 157.3 150.7 DKS37-07
156.4 142.8 142.9 DKS38-16
79.7 95.4 73.3 DK28E
80.9 74.8 79.0 DKS28-05
75.7 83.1 88.3 DKS33-07
42.6 44.3 24.1 DKS37-07






Table 21. A 3-factor Factorial Anova for the two years of data. 
 
 
Table 22. Goodness of fit for the two-year data set. 
-  
Discussion 
 The weather, yield, and returns were very different in 2018 and 2019 and history will 
prove 2018 was a good year for row crops while 2019 was disastrous depending on location in 
the United States. Illinois farmers suffered record loss of acres planted because of wet weather. 
A combined 1.321 million acres of corn and soybean were not planted in the state (USDA, 




mean. Several could argue 2019 was an outlier with unexpected consequences. Two major 
negative factors influenced yield in 2019; a very late planting date of 3 July, and severe plant 
lodging in November due to a flood and high wind event. While a planting date study would be 
necessary to confirm the statement, it is supported by findings from Conley and Wiebold, 2003 
who observed the highest yield occurred in May plantings versus June planted sorghum in 
Missouri trials, and by Johnson et al., 1984 who observed a 42 to 77 percent reduction in yield 
when planting in July versus May in Alabama, and a separate study conducted two years later by 
Bryant, et al 1986 who reported similar yield reductions in late plantings. These studies agree 
that yield generally decreases as planting date moves further into the growing season.  
 A study comparing the densities and economics of sorghum to soybean densities and 
economics has never been done in the southern third of Illinois. In this region it is not uncommon 
for fields to be in continuous soybean production, in some cases five years or more. Agronomists 
agree continuous soybean production increases the risk of yield decline over time because 
competitive weed species and disease inoculum pressure increase as disease organisms increase 
in response to a monoculture. In 2018 the study proved grain sorghum was very profitable when 
compared to soybean production at all three densities. Granted, in 2018 soybean prices were low 
because of tariffs and over supply while sorghum prices remained stable. However, given yields 
were very good in sorghum it is very likely the economic viability would remain if soybean 
prices increase and sorghum yields were consistently good year over year. Surprisingly, the 
Anova showed yield was not significantly different at different densities, but it was not 
surprising that hybrids differed. Finally, while plant height group means were significantly 
different, a post-hoc analysis of Tukey’s HSD and Fisher’s LSD did not determine group mean 




phenomenon observed and documented in other crops, particularly in corn due to inter-plant 
competition for sunlight (Shafi et al., 2012). Additionally, stress avoidance syndrome triggered 
by the low ratio of red to far-red light as experienced in a shading environment triggers specific 
auxin biosynthesis genes to promote growth hormones which are then transported to 
meristematic regions of the plant inducing cell elongation in areas like plant stalks may also 
contribute to increased plant height as a response to high density seeding.  
 The 2019 results also showed density did not have a significant impact to yield, but 
significant differences exist among hybrids. 2019 data shows a reversal of the economic 
competitiveness to the soybean check which is due to the soybean check yield being lower than 
40 bushels per acre (Table 5). Additionally, during harvest of this year, political intervention 
helped raise the price of soybeans, but not sorghum, which increased the revenue gap between 
the comparisons.  
 When combining two-years of data and excluding the hybrids which weren’t represented 
in both years and applying a Factorial Anova, the data indicates that Density × Hybrid × Year 
does not significantly influence yield which supports the individual year-to-year conclusions that 
density does not significantly impact yield. It may be suggested that sorghum might compensate 
by increasing seed production in low inter-row competition situations by perhaps adding tillers 
when planted at low densities.  
Yet, like all farmers, one must consider the cost of production, and, across the board 
sorghum is cheaper to produce than soybeans. Soybean seed cost per acre can be as high as three 
to five times greater than sorghum seed cost per acre (Table 5, 6, 7). Additionally, soybean 




Farmers considering sorghum must realize sorghum management is similar, yet different 
from corn production. The key difference is sorghum is not resistant to certain broad-spectrum 
herbicides like Roundup PowerMAX® making farmers rely on slightly older conventional 
herbicide methods. Similarities exist in areas of fertility management and disease and insect 
pressures. Additionally, farmers considering sorghum should determine prior to the season where 
the best or nearest sorghum grain market is. Due to the consolidations in the grain elevator 
industry few elevators buy sorghum. In addition, farmers planting sorghum should never plant in 
pounds per acre without considering and adjusting planting rates for seed size, as seed size varies 
considerably within and across hybrids. Farmers could mistakenly plant far too much seed if not 
factoring seed size (Table 23).  
Table 23. Calculation of sorghum seeds per acre if planting in pounds per acre. 
 
While the results indicate soybean production was economically better in 2019, a 
hypothetical question arises from the observed challenges of 2019 – does sorghum have an 
economical advantage to corn if a field planned for corn was delayed a month to two months 
from target planting date i.e. 15 April to 15 June? In this scenario the planned corn field would 
already have received nitrogen fertilizer and corn pre-plant herbicide applied. Agronomically, it 
would be risky to plant soybeans because of herbicide injury, and economically soybeans may 
not pay-off the fertilizer investment. A publication by Abendroth et al., 2017, concluded a yield 
reduction of up to 20% was observed when planting one month after the optimum date for three 
Pounds/Ac 4 6 8 10 12
13,000 52,000 78,000 104,000 130,000 156,000
13,500 54,000 81,000 108,000 135,000 162,000
14,000 56,000 84,000 112,000 140,000 168,000
15,000 60,000 90,000 120,000 150,000 180,000
16,000 64,000 96,000 128,000 160,000 192,000





regions in Iowa. Thus, further investigation would be warranted to determine if, under these 
circumstances, could sorghum be economically advantageous alternative over late corn?       
Conclusion 
 In 2018 density change did not significantly impact yield but plant height was 
significantly impacted. Economically, sorghum was more profitable at all three density levels 
than the soybean check, across all sorghum hybrids. However, a close analysis indicates the 
economic optimum is 80,000 plants per acre while the yield optimum is 120,000 plants per acre. 
Planting less than 80,000 plants per acre resulted in similar net revenues, but it is likely too risky 
to plant lower because it creates vulnerability to decreased revenues should stand be negatively 
impacted by factors like poor emergence.  
 In 2019, the second year of this study, density did not significantly impact yield given the 
stressful season. Furthermore, the economic optimum was 80,000 plants per acre – a trend 
observed over the two-year study. Economically, sorghum was not as profitable as the soybean 
checks, however, new trade agreements influenced the soybean prices but did not have similar 
effects to sorghum price. 
 Statistically, the results show over two years that seeding rate does not impact yield even 
in years when yield levels varied among hybrids. There was no interaction in Hybrid × Density × 
Year analysis, nor was there an effect of density on yield. Johnson et al., 1984, similarly 
concluded yield did not vary much between density levels and ended by recommending a density 
range between 60,000 and 90,000 plants per acre. While the two-year results do not support a 
density recommendation it is important to consider many factors prior to initiating a sorghum 
crop, i.e. risk tolerance, markets, farm operating costs, potential revenue, and several others. 




understand risk versus reward when determining a final plant density. For example, by simply 
adjusting the price per bushel or yield at each of the given density levels on a spreadsheet the 
potential return per acre can be calculated. In addition, a farmer could leave prices at current 
levels and adjust input costs like fertilizer and chemicals, which would change the net return per 
bushel or per acre. In return, a farmer can assess at what density level suits their level of risk. By 
using the tables in this report as a guide farmers could make adjustments to several factors 
influencing yield and cost and determine which density is best for them.   
  Regardless of yield farmers are most interested in cost and revenue related to crop 
production. Sorghum inputs are cheaper than soybeans mainly due to the seed cost which could 
be three to five times higher for soybean seed. Across both years, all densities, and hybrids the 
mean cost per acre to produce sorghum is $117.65. In contrast, across all years, varieties, and 
densities, it costs $131.71 per acre to produce soybeans. Depending on yield levels for both 
crops, sorghum could be a very good alternative to producing soybeans in southern Illinois. 
Further investigation is needed to determine if, in a delayed planting situation like 2019, and if 
corn herbicide and fertilizer had already been applied to the field, would sorghum be 
economically advantageous to plant as an alternative over late corn? The conclusions also 
support the following guidance to help farmers determine if sorghum should be planted. These 
signals are: depressed soybean prices, fields with a history of continuous soybean production, or 
when corn and soybean production or establishment is unachievable.  
A special note of consideration. The U.S. government was involved in trade negotiations 
with China from 2018 through 2019 resulting in low commodity prices. The U.S. government 
authorized and issued subsidies to farmers called Market Facilitation Payments (MFP) for those 




In the early phase of analysis, the author of applied the MFP payments to both crops but 
concluded the data was not significant to the conclusions nor worthy of discussion as revenues 
from both crops went up incrementally the same not changing nor influencing the results of this 
study.   
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